Background: Irritable bowel syndrome with predominant constipation (IBS-C) is a complex disorder with gastrointestinal and nervous system components. The study aim was to assess the economic burden of moderate to severe IBS-C in six European countries (France, Germany, Italy, Spain, Sweden and the UK). Methods: An observational, one year retrospective-prospective (6 months each) study of patients diagnosed in the last five years with IBS-C (Rome III criteria) and moderate to severe disease at inclusion (IBS Symptom Severity Scale score ≥ 175). The primary objective was to assess the direct cost to European healthcare systems. Results: Five hundred twenty-five patients were included, 60% (range: 43.1-78.8%) suffered from severe IBS-C. During follow-up 11.1-24.0% of patients had a hospitalisation/emergency room (ER) visit, median stay range: 1.5-12.0 days and 41.1-90.4% took prescription drugs for IBS-C. 21.4-50.8% of employed patients took sick leave (mean: 11.6-64.1 days). The mean annual direct cost to the healthcare systems was €937.1-€2108.0. The total direct cost (combined costs to healthcare systems and patient) for IBS-C was €1421.7-€2487.1. Conclusions: IBS-C is not a life-threatening condition; however, it has large impact on healthcare systems and society. Direct and indirect costs for moderate to severe IBS-C were high with the largest direct cost driver being hospitalisations/ER visits.
Background
Irritable bowel syndrome (IBS) is a chronic functional bowel disorder (FBD) characterised by symptoms of recurrent abdominal pain accompanied by altered bowel function [1] . The prevalence of IBS varies between region and country, however pooled prevalence estimates IBS to occur in 5-20% of the global population [2] . The Rome criteria [3] are the global standards developed by experts in functional bowel disorders which enable physicians to identify and diagnose disorders such as IBS. Rome characterises IBS into subtypes based on the predominant bowel habit: IBS with predominant diarrhoea (IBS-D), IBS with predominant constipation (IBS-C), IBS with mixed bowel habits (IBS-M), and IBS unclassified (IBS-U) [3] . Nevertheless, the clinical continuum of symptoms has been shown to result in short-term subtype instability with around 40% of patients alternating between subtypes on a monthly basis [4, 5] .
Influence by the nervous system adds to the clinical complexity of this FBD as it results in fluctuating symptoms, both temporally (waxing and waning cycle of high disease activity and remission) and by severity [6, 7] . Yet despite severity fluctuations, moderate-severe IBS is estimated to account for around 60% of all IBS cases and has been shown to impose a considerable burden on patients [8] . This burden is manifested into a health economic burden through direct medical costs to healthcare systems (HS) and indirect costs related to work absenteeism or work impairment. Studies suggest that the burden of illness for IBS is quite substantial with all IBS subtypes requiring similar levels of healthcare resource utilisation [9] [10] [11] [12] [13] [14] .
Continued research and re-evaluation of diagnostic criteria have greatly improved physicians' ability to differentiate IBS from other FBDs and enhance the accuracy of subtype classification [3, 15] . For example, IBS-C and chronic constipation are often confused due to their similarity in defecation patterns, despite IBS-C symptomatology being dominated by abdominal pain [1, 16] . It is estimated that IBS-C accounts for around 30% of IBS cases [17] . Treatment revolves around the use of therapies which are not specifically approved for treating IBS-C, such as laxatives, antispasmodics, prokinetics, and bulking agents (e.g. dietary fibres). Although useful for treating constipation, in some patients these therapies show poor efficacy, tolerability and are unable to treat all key IBS-C symptoms when used individually [18, 19] . In Europe, the guanylate cyclase-C agonist linaclotide is the only pharmacological treatment approved for the treatment of IBS-C and has been shown to be cost-effective compared to antidepressants [20, 21] .
Given the symptom and severity complexities of IBS-C there is a notable paucity of information related to health economic burden and resource utilisation, especially in sufferers at the more severe end of the severity spectrum. Newer agents approved to treat IBS-C may potentially decrease the need for frequent visits to physicians and multiple medications, possibly translating into lower healthcare utilisation and drug-related costs. Therefore, this study aimed to learn more about the burden of the disease in a real-world population of moderate to severe patients with IBS-C across six European countries.
Methods
The IBIS-C study was an observational, 12 month retrospective-prospective (6 months each) multicentre study conducted in six European countries: France, Germany, Italy, Spain, Sweden, and the UK. The first patient was included in April 2012 and the last patient last visit was in January 2014. Patients were recruited from primary or specialist care.
Screening was performed using retrospective data from patient records. Patients who met the eligibility criteria were included. Patients were included in the study if they were ≥ 18 years of age, diagnosed with IBS-C in the last 5 years using the Rome III criteria (recurrent IBS pain or discomfort present for at least three days per month in the last three months; ≥ 2 of the following: improvement with defecation, onset associated with a change in stool frequency, or a change in stool form; ≥25% of bowel movements being hard or lumpy stools; < 25% of bowel movements being loose or watery stools), and had moderate to severe IBS-C at inclusion: defined as an Irritable Bowel Syndrome Symptom Severity Scale (IBS-SSS) score ≥ 175 (moderate severity: ≥175-300; severe: > 300) [22] . Patients were excluded if they had participated in a clinical trial involving an experimental IBS-C treatment in the six months prior to starting the observational period, or they had any condition that, in the investigator's opinion, would impact the patient's ability to complete the study. This study was conducted in accordance with the Declaration of Helsinki as well as in compliance with ICH good clinical practices guidelines. The study design is shown in Fig. 1 . Baseline and 6-month retrospective data from included patients were obtained from patient medical records and patient interviews. Demographic and clinical data were collected at baseline. Symptom severity (IBS-SSS) was collected at baseline and 6 months. Healthcare resource utilisation directly related to IBS-C (general and specialist medical consultations, hospitalisations, diagnostic tests, therapies, management of adverse reactions) was collected via a questionnaire that specified whether the costs were public or private. Healthcare resource data were collected at baseline for up to 6 months for direct costs retrospectively and 3 months for indirect costs. Three-month indirect costs were multiplied by two to provide a retrospective 6-month estimate of indirect costs associated with IBS-C. Prospective healthcare resource utilisation data were collected during routine follow-up at 3 months (± 0.5 months) and 6 months (± 1 month) / early termination. All healthcare resource utilisation data were calculated for patients that used the resource.
Direct costs were calculated both from a country healthcare system's perspective and the patient's perspective using unit costs for each country. Hospitalisation costs were estimated from national diagnosis related group (DRG) databases. For the patient's perspective, only the sum of non-prescription medication, complementary therapies and HS-related medications, consultations, hospitalisations, and diagnostic procedures that were paid for by the patient were taken into account; private consultation and private diagnostic procedure costs were not included.
Productivity losses in the week prior to baseline and at the 6-month visit were collected using the work productivity and activity impairment questionnaire for IBS-C (WPAI:IBS-C): a four component score for absenteeism, presenteeism (reduced productivity while at work), overall work impairment, and daily activity impairment (impairment in activities performed outside of work) [23] . Absenteeism, presenteeism, and overall work impairment were recorded for employed patients and daily activity impairment for all patients. Indirect costs were calculated using questions about sick leave and work productivity impairment. The indirect costs were: cost of productivity for sick leave (total number of days lost * 1 days' salary), cost for work impairment (total number of work hours lost * 1 h' salary). In the event that the salary value was missing the mean value of the salary reported by employed patients was converted to gross income and used to estimate indirect costs.
Exploratory analyses were performed and no confirmatory statistical tests were performed. Demographics, baseline characteristics, healthcare resource utilisation characteristics and productivity losses were summarised using descriptive statistics based on non-missing observations. Costs were calculated as a mean with 95% confidence interval (95% CI; calculated using 1000 bootstrap samples). Swedish krona (SEK) and Pound Sterling (GBP) were converted post hoc into Euro (EUR) using exchange rates of 1 SEK = 0.1134 EUR and 1 GBP = 1.2025 EUR, respectively.
A sample size of 90 patients per country was calculated to produce a 95% CI equal to the sample mean ± ≤ 20% of the standard deviation of the direct costs associated with IBS-C [12] . For each country the retrospective, prospective, and combined data periods were analysed separately. The separate analyses were then compared to determine whether there was any statistical difference. An analysis of the combined data is presented for patient demographics and baseline characteristics; healthcare resource utilisation, work productivity and activity impairment, and all costs are presented by country.
Results
A total of 525 patients across all countries were included in the study (France: N = 59; Germany: N = 102; Italy: N = 112; Spain: N = 112; Sweden: N = 36; UK: N = 104) between April 2012 and January 2014. Over follow-up there were 62 (11.8%) discontinuations; 36 (6.9%) lost to follow-up, 19 (3.6%) with data missing, 5 (1.0%) withdrawals at the patients' personal request, and 2 (0.4%) withdrawals due to illness.
Demographic, clinical and lifestyle characteristics at baseline Table 1 shows the main characteristics of this study cohort. In summary, 459 (87.4%) of patients were included from specialist care with France, Italy and UK including 100% of patients from specialist care (range: 60.8-100%). Bariatric surgery or surgery to remove a GI tract segment In this cohort of moderate to severe IBS-C patients, on average 60.0% had severe IBS-C at baseline (range: 43.1-78.8%), 38.5% had moderate IBS-C (range: 20.2-56.9%), and 1.5% had missing data (Table 2) . Using the IBS-SSS questionnaire, current abdominal pain and distention were reported for 95.8% (range: 89.8-98.1%) and 92.8% (range: 88.1-96.2%) of patients, respectively. Furthermore, abdominal pain was reported to occur for 6.0 ± 2.9 out of every 10 days on average (range: 5.4-7.0) and the most severe IBS symptoms were a dissatisfaction with bowel habits and interference with life in general which had mean scores of 76.6 ± 22.0 (range: 69.0-82.9) and 70.7 ± 21.8 (range: 59.6-79.5) respectively.
Healthcare resource utilisation related to IBS-C
During the 12-month retrospective-prospective study the majority of patients visited a General Practitioner (GP) (73.5%; range: 58.9-88.4%) and/or a specialist (92.2%; range: 79.4-100.0%) ( Table 3 ). The mean number of visits to physicians under the healthcare systems was higher for GPs (range: 2.1-6.4) than gastroenterologists (range: 1.7-4.0). Overall Sweden had the lowest mean (95% CI) number of GP and gastroenterologist visits, 2.1 (1.4, 2.7) and 1.7 (1.4, 2.0) respectively, in comparison to Italy which had the highest mean number of visits 6.4 (4.0, 8.7) and 4.0 (3.1, 5.0) respectively. By contrast, private consultations were less frequent, yet maintained a similar GP: gastroenterologist ratio of visits. In the UK, the proportion of patients seeking private consultation visits to either GPs or gastroenterologists was very low in comparison to Germany, France and Spain.
The proportion of patients requiring hospitalisation or emergency room visit for IBS-C showed variability across Europe, with the lowest reported in Sweden (11.1%) and the highest in the UK (24.0%). The median number of days hospitalised ranged from 1.5 days in Spain to 12.0 days in Sweden. The most frequently reported diagnostic related group related to hospitalisation was "gastroenteritis and/or abdominal pain".
Diagnostic tests related to IBS-C were performed on 51.9% (UK) to 74.1% (Italy) of patients. On average, the most common diagnostics test were blood tests (both haematology [37 
Work productivity and activity impairment
During the 6 month prospective follow-up, at least one period of sick leave was taken by 21.4% (Italy) to 50.8% (UK) of patients. Whilst on sick leave, the mean number of days on leave varied substantially across countries; from 11.6 days in Italy to 64.1 days in France. Over the course of the year, patients had 3.3 separate episodes of leave in France to 6.9 episodes in Italy. For those who reported work impairment while working, wide variability was seen According to the WPAI:IBS-C questionnaire, in the week prior to inclusion in the study the percentage of work productivity loss in employed patients was high; between 27.7% (Spain) and 51.5% (UK) ( Table 5 ). In addition, absenteeism and presenteeism for employed patients varied from 3.1-18.5% and 27.6-47.9%, respectively. The overall daily activity impairment varied from 36.3-56.8%. In the week prior to the 6-month visit, absenteeism (0.9-7.0%) was found to have the greatest improvement, whereas work productivity loss (26.1-39.6%) and presenteeism (25.4-43.3%) were found to slightly improve. There was no improvement in the daily activity impairment (33.0-51.4%).
Direct and indirect costs
Costs related to the management of moderate to severe IBS-C varied greatly between countries. The largest cost for all healthcare systems in the management of IBS-C was hospitalisation (range: € 541.9 € 1183.1) [Fig. 2] . The next largest cost for healthcare systems was medical consultations followed by medication costs (both prescription and non-prescription, and diagnostic tests (Fig. 2a) . The largest costs to the patient were medication costs and complementary therapy costs (Fig. 2b) .
Overall, the UK had the highest the mean (95% CI) direct cost to the healthcare system at € 2108.0 (€ 1504.1, € 2775.5) while Italy had the lowest overall direct cost at € 937.1 (€ 524.8, € 1528.1). In terms of the direct costs to the patient, France reported the lowest patient costs at € 236.8 (€ 161.7, € 332.9) and Spain reported the highest costs at € 567.6 (€ 333.1, € 840.7) (Table 6 ). Overall, total mean (95% CI) direct costs ranged from € 1421. 
Annual cost stratified by severity
When stratified by baseline IBS-C severity, the mean annual cost to healthcare systems for patients with moderate IBS-C (range: € 314.4 -€ 1308.4) was approximately a third of the cost to the healthcare systems compared to patients with severe IBS-C (range: € 961.0 -€ 2883.3 (Table 7) . Direct costs to the patient were similar regardless of severity: moderate IBS-C range: € 204. 
Discussion
Irritable bowel syndrome is a complex FBD that is characterised by a wide variety of symptoms. The increasing recognition of the disorder's complexity highlights the importance of a more detailed understanding of the impact that this disorder has on society. The aim of this study was to assess the economic impact to healthcare systems of moderate to severe IBS-C in patients from six European countries. In terms of characteristics, the patients in this study had similar sociodemographic values to previous IBS studies [9, 11, 13, 14, 24] .
Nevertheless, as this study is focused on a more severe patient subgroup, it is worth noting that within this moderate to severe population a higher incidence of prior abdominal surgery was reported compared to IBS patients in general [25] . Overall, patients in this cohort reported a high frequency of symptoms that led to substantial direct and indirect costs for healthcare systems and society. Despite differences in European healthcare system structures direct costs were similar with hospitalisations/ER visits being the largest cost driver [26] [27] [28] . Costs attributable to hospitalisations/ER visits in this study were higher than that reported for IBS patients in general [13, 24, 29] . This finding is related to the predominantly severe IBS-C population of this study and suggests that patients with more severe IBS-C may require more inpatient care. Furthermore, as a consequence of this, the costs for medications and consultations accounted for a smaller percentage of total costs than previously reported [12, 24] . It is highly likely that variability between countries included in this study is due to differences in therapeutic management and reimbursement policies. The somewhat unexpected frequency and duration of hospitalisations/ER visits has not been previously reported in cross-sectional surveys and combined with other health economic data suggests that there is a proportion of IBS-C patients who have uncontrolled illness associated with exceptionally high costs [30] [31] [32] . For all countries there was a clear asymmetric distribution of cost that highlights a subset of patients within the included population who required substantial medical attention, enough to make the overall economic cost resemble the US healthcare system costs for IBS-C [24, 31, 33] . In terms of resource utilisation, the proportion of patients who underwent diagnostic tests in this study was comparable to that seen in primary care, signifying that patients with more severe IBS-C were still undergoing a diagnosis of exclusion [34] . Yet, despite multiple tests, the lower overall prescription medication use (compared to IBS patients in general) and high nonprescription/ complementary therapy use suggested an overall dissatisfaction with current prescription medications [33, 35] . These current management practices resulted in a degree of absenteeism that was two to three times greater than that reported for other IBS and IBS-C studies [14, 36, 37] .
It is worth noting that like healthcare costs, the current management of the disease also exhibits asymmetry that can be attributed to the presence of a subgroup of "heavy resource users". This reinforces the probability of treatment management being unable to adequately control symptoms over time.
In relation to the direct cost of IBS-C, indirect costs were more substantial and more variable between countries. For example, Sweden had the highest indirect costs at over € 11,000 per year due to Sweden having the highest percentage of employed patients whose income was above the national average in this study, and one of the highest average gross incomes in Europe. The focus on work productivity and sick leave as an estimate of indirect cost is a limitation of this study as salaries and type of employment are variable between countries. As these variables were not adjusted for in the analyses total direct and indirect costs were not combined. Stratification by disease severity showed that the total direct cost of IBS-C in patients with severe disease severity (60% of the sample) was approximately double the cost of IBS-C for patients with moderate disease severity with some notable exceptions. Total direct costs in Germany showed the largest disparity with severe IBS-C mean costs approximately 6-fold greater than moderate IBS-C costs. By contrast, the greatest similarity in total direct costs was in Sweden, where both moderate and severe IBS-C patients have a direct cost of around € 1600 per year. Mean indirect costs were substantially greater for patients with severe disease compared to patients with moderate disease, however, costs were skewed by a subset of patients with high costs. As moderate-severe IBS accounts for approximately two thirds of all IBS cases, this indicates a high economic cost to both healthcare systems and society [7, 17] .
The main limitations of this study were the incomplete assessment of indirect healthcare costs associated with work productivity and absenteeism, and the potential underestimation of healthcare resource utilisation due to the majority of patients being included from specialist care centres and thus benefitting from more dedicated management. This could have also introduced a referral bias in the sample studied. In addition, the exclusion of private consultation and diagnostic procedure costs may further underestimate direct costs. Furthermore, the retrospective element of the study may be associated with some recall bias, leading to some imprecision surrounding estimates. Lastly, variation in the proportion of severe patients in each country may have translated into increased variation between countries.
Conclusions
Although IBS-C is not a life-threatening condition, this study has shown that moderate to severe IBS-C has a significant and costly impact on healthcare systems and patients. The absence of a standard of care, combined with an absence in the improvement of work impairment, indicates that symptoms in patients with moderate to severe IBS-C remain uncontrolled. These results highlight the need for a greater understanding of more severe IBS patients, moving away from a "one size fits all" management approach to one that recognises the individual complexity of this FBD and which focuses on treating the patients' individual symptoms. 
